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rfrrrnrf tn p * l! "ed Application 
This application is a continuation of U.S. Application No. 10/196,686, filed 
July 15 2002, which isacontinuationofU.S. Application No. 09/834,351, filed 
April 13 2001 , now U.S. Patent No. 6,420,351; which is a continuation of U.S. Apphcatton 
No 09/291,296, filed April 14, 1999, now U.S. Patent No. 6,228,875; which claims the 
benefit of U.S. Provisional Application No. 60/081,645, filed Apnl 14, 1998. 

F^Pfrprnt.nH nf nV Invention 
Schizophrenia, Alzheimer's Disease, autism, depression, benign forgetfulness, 
chtldhocd .earning disorders, closed head injury, and attention deficit disorder are examples 
of neuropsychiatnc disorders. Autism, for example, is a developmental mental dtsorder 
characters by autistic behavior, social failure, and language delay. Alzheimer's Disease 
isaform of dementiathat typically involves progress- mental defeneration, manifested by 
memory loss, confusion, and drsorientation. Alzhe.mer's Disease typically is treated by 
acetylcholine esterase mhibitors such as tacrine hydrochloride or donepezil. Attentton 
Deficit Disorder is a disorder that is most prevalent in children and is associated w.th 
increased motor activity and a decreased attention span. Attention Deficit Dtsorder 
commonly is treated by administration of psychostimulants such as Ritalin or Dexednn. 
Depression is a clinical syndrome that includes a persistent sad mood or loss of interns, tn 
activtties, which persists for a, least two weeks in the absence of treatment. Conventional 
therapeutics include serotonin uptake mhibitors (e.g., PROZAC), monoantine ox.dase 
inhibitors, and tricyclic antidepressants. 

The term schizophrenia represents a group of neuropsych.atric disorders 
characters by dysfunctions of the thinking process, such as delustons, hallucinations, and 
extensive withdrawal of the patient's interests from other people. Approximately one 
percent of the worldwtde population is afflicted with schizophasia, and this dtsorder ,s 
accompanied by high morbidity and mortality rates. 
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Convention* antipsychotic drugs, which act on the dopamine preceptor, can be 
US ed.o treat the posifive symptoms of schizophrema, such as deius.on and haUucnauon In 
genera,, conventiona, anfipsychofic drugs andthe new atyprca, antipsychotic drugs, whtch 
acton the dopamine Da and 5HT 2 serotonin receptor, a. Umited in their ability to treat 
cognitive deficts and negative symptoms such as affect blunung (,.., lack of facal 
expressions), anergia, and social withdrawal. 

<j |i n .marv of thf Illlffiniiffll 

Theinventronderivesfromthediscoverythatneuropsychiatricdisorders 

of giycine uptake. The compound rs either a partial agoms, such as D-cyc,osenne, wh ch 

S e,ect,vefor the NMDA receptor (compared to the inhibitory glycme receptor and other 
receptors), orag.yc.ne uptake mhrb.tor (eg., N-mcthylglycne). The invenfion therefore 
pr0 v,dcs new methods for treaung neuropsychiatry drsorders in patients (,.,, humans). 
Examplesofdrsordersthatcanbetreatedbythemethodsoftheinventionindude 
schizophrenia, Alzheime^sDisease, autism, depression, benigu forgetfulness. ch.ldhood 
.eammgdisorders.closedheadmjury.andattent.ondefictdisorder.Thcmethodsentar, 

p ha™aceutica,compos,tio„tha,con*satherapeut,cal,y effective amountof an agonrst of 
th eg,ycinesi,eoftheNMDArecepto r ora g lycineup«akeinh,bitor,wh,ehagoms.s 
re ,afive,y selecfive for (a) the glycine she of the NMDA receptor, compared w,h (b) the 
inhrbitory glycine receptor and other receptor.. The pharmaceufical compos.uon may 
inCude, for example, (i) a therapeutically effective amount of D-alanme (wherem the 
pharmaceufical composition is substantially free of D-cycloserine) and/or (n) a 
L P eu,ica„yeffec»veamoun,ofD.serine,and/or(,i,)D-cyclos=nnemanamountof 1 05- 

500mg,and/or(,v)a.hera P euficallyeffectiveamountofN-me.hy,glycine. 

ln variations of the methods described herein, D-serine, D-alanine, D-cyclosenne, 
and-orN.methylglycinecanbesubsfitutedw.thasalt.ester.oralkyiatedformoftheammo 
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acid, or a precursor of the amino acid that is converted (e.g., me.abohzed) into the amino 
acid in vivo (e.g., D-phosphoserine, L-phosphoserine, or L-phosphoserine, N.N.N- 
trimethylglycine (betaine), or N,N-dimethylglycine). 

Typically, a dosage of 100 pg to 100 g (e.g., 1 mg to 100 g; 1 mg » 100 mg; 10 mg 
to 100 g 10 mg to 10 g; or 10 to 500 mg) is suitable for D-alanine, D-serine, and N- 
methylglycne. D-cycloserine is adm.nis.ered at a dosage of 105 to 500 mg. When the 
patient is treated with both D-serine and D-alanine, D-serine and D-alan,ne can be 
administered to the parient simutaneously or sequenrially, ,.g., by formuiating the D-senne 
and D-alanine as a single pharmaceutical composition or as two or more pharmaceuttcal 
composes. Likew.se, the patient can be treated w„h both D-serine and D-cyeloserine, or 
D-serine and N-me,hylg.ycine, or D-alanine and N-methy.glycine, or D-cyc.oserine and N- 
methy.glyctne simultaneously or sequentially. In one, bu, not the only, suitable method of 
treatment, the pharmaceutical composttion is administered to the patient at least once datly 
for at least one week. If desired, the pharmaceutical composttion can be administered to the 
patient in more than one dose per day (e.g., 2, 3, or 4 doses). Generally, the patient « 
treated for a. leas, one week; typically, the patient is treated for a. leas, severa. weeks (e.g., 
at leasts 6, or 8 weeks) or months (e.g., at leas. 4, 8, or 12 months). If necessary, the 
treatment can continue indefinitely to keep the patient's symptoms under control throughout 
his or her life. 

If desired, a pharmaceutical composition containing D-alanine (substanttally free of 
D-cyclosenne), D-serine, D-cycloserine and/or N-methylg.ycine (or a modffied verston 
,hereof,asdescnbedherein)canbeadm 1 nisteredtoapatientsuffenngfromsehi Z ophren 1 a 

along with, or in sequence with, an art-known drug for treating schizophren.a (e.g., 
olanzapine, clozapine, haloperidol, and the like). Similarly, D-alanine (typically 
substantiallyfree of D-cyclosenne), D-senne, D -cyc,osenne and/or N-methylglyotne (or a 
modified version thereof, as described herein) can be used in combination w„h, or m 
sequence with, other art-known antipsychotics (e.g., "typical," "atypical," and depot 
antipsychotics for treating sduzophrenia and other psychotic conditions), antidepressants 
(for treating depression), psychostimulants (for treating attention deficit d.sorder, 
depression, or learning disorders), or Alzheimer's disease therapeutics (for treating 
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Ja I «uUc ty p i c,, y isad m n 1 s t e red a t a d osa g eo f O,5- 5 OOO m ,a( e , 5-1000 m8 /d),. 

■TypKaV anupsychoucs a* convention* antipodes such as phenoth.az.ne, 
b^ophenones.thioxan.heses.dibenzoxa^pines.d.hydroindo.ones.and 

Ich g e n e ra U y ac t on t hedopa™neD 2 a n d5 m2 sero t oni„ re ce P .orandhaeh,^eve, 
^psvchodcs^an^^ 

2000 mg /d, e . g .,30-800 mg /d),Th,o ri daz,ne(5-2<X» mg /d,, g .,20-800^d), 
n^.Perphenazine^^ 

mg/ d e g 2-.6 m g/d),O,anzap,ne( 1 - 1 00 mg /d,. g .,5-10 mg /d),a n dQue tl ap,ne( 1 - 

2li,,,50-750 mg /d, n^-P**-----'— H ^ d °' 
d ecanoa,e(10-1000 m g/mon t h,, g .,100^0 mg /mon t h),nuphe„a zi nedecanoa,e5- 

ijon*,.,-^^^^^ 

25-200 mS /n,on.h). AddUiona.andpa.chodcsindudeBumpe^CO.S-SOOmJ . 
Ooioi^Buprcp^ 
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1000 mg/d, e.g., 75-300 mg/d), Fiuoxefine (1-200 mg/d, e.g., 20-80 mg/d), Huvoxamine (5- 
1000 mg/d, ,g., 50-300 mg/d), Imtpramine (5-1000 mg/d, ,g., 75-300 mg/d), Maproti.ine 
(5-1000 e.g., 75-225 mg/d), Mtrtazapme (1-200 mg/d, eg., 15-45 mg/d), Nefazodone (5- 
,000 mg/d, ,g., 200-600 mg/d), NortriptyUne (5-1000 mg/d, e.g., 75-150 mg/d), Paroxehne 
(1-200 mg/d, e.g„ 10-60 mg/d), Phenelzine (1-500 mg/d, e.g., 5-90 mg/d), Protnptyline (1- 
200 mg/d, e.g„ 15-60 mg/d), Sertraline (5-1000 mg/d, e.g., 50-200 mg/d), Tranylcypmmme 
(1-200 mg/d, e.g., 30-60 mg/d), Trazodone (5-1000 mg/d, e.g., 150-600 mg/d), 
Tnmipramine (5-1000 mg/d, e.g., 5-300 mg/d), Venlafaxine (5-1000 mg/d, e.g., 75-375 
mg/ d) and Venlafaxme XR (5-10)0 mg/d, e.g, 75-225 mg/d). Psychostimulants that are 
particular* useful for treating attention deficit disorder include De.troamphetam.ne (0.5- 
200 mg/d e g., 5-40 mg/d), Methamphetamine (0.5-200 mg/d, e.g., 5-25 mg/d), 
Methylphemdate (0.5-200 mg/d, ,g„ 10-40 mg/d), and Pemo.ine (5-500 mg/d, e.g., 37.5- 
1 12 5 mg/d). Examples of Alzhetmer's disease therapeutics that can be used m the 
,nvent,on inc.ude Donepezfi (0.5-200 mg/d, e.g., 1-100 mg/d) andTacnne (0.5-1000 mg/d, 
e g 10-500 mg/d). Thus, the invention also provides pharmaceutical composmons that 
coma J nD-alani„e(t W cal,ysubs,an,,a, 1 yfreeofD-cyc,osenne),D-serine,D-cyc.osenne 

and/or N-methyiglyctne (or a modtfied version thereof, as descnbed herein) a,ong w,th an 
an.ipsychotic,antidep re ssant, P sychostimulant,orAlzheime rt diseasetherapeu«c. 

If des.red, one can measure negative and/or positive and/or cognitive symptom(s) of 
schizophrema before and after treatment of the patient. Areduction in suchasymptom 
indicates that the patient's condition has improved. Improvement in the symptoms of 
schizophrenia can be assessed using the Scaies for the Assessment of Negative Symptoms 
(SANS) or Positive and Negative Syndrome Sca.e (PANSS) (see, e.g., Andreasen, 1983, 
Scales for the Assessment of Negative Symptoms (SANS), Iowa City, Iowa and Kay e, at., 
1987 SchizophreniaBulletin 13:261-276). Likewise, one can measure improvement of 
other neuropsyehiatnc dtsorders in patterns who have been treated by the methods of the 
invention. 

As used herein, the term "neuropsychiatric dtsorder" refers to a disease havmg a 
pathophysioiogica, component attenuated NMDA receptor-mediated neurotransrrusston. 
Examples of such dtsorders include schizophrema, Alzheimer's disease, autism, depression. 
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ben,^ forge.fu.ness, childhood leammg disorders, closed head injury, and attention deficit 
disorder. 

As used herein, the term "schtzophrenia" refers to a psychiatric disorder that 
includes at least two of the following: delusions, hallucinations, disorganized speech, 
grossly disorganized or catatonic behav.or, or negative symptoms. Patients can be 
diagnosed as schizophrenic using the DSM-IV criteria (APA, 1994, ^ 
Statistical Manual of Mental Disorders (Fourth Edition), Washington, DC). 

The term "Alzheimer's Disease" refers to a progressive mental detenoratton 
manifested by memory loss, confusion and disorientation begmning in late middle life and 
typicafiy resulting in death in five to ten yea*. Pathologically, Alzheimer's Disease can be 
charecterized by thickening, conglutination, and dtstortton of the intracellular neurofibnls, 
neurofibrillary tangles and senile plaques composed of granular or filamentous 
azurophilic masses with an amyloids. Methods for diagnosing Alzheimer Disease 
are known in the art. For example, the National Institute of Neurologtcal and 
Communicative Dtsorders and Sti^ke-Alzheimer's Disease-and the Alzheimer's Disease and 
Related Disorders Association (NTNCDS-ADRDA) criteria can be used to dtagnose 
Alzheimer's Disease (McKhann«a i .,1984,Neuro.o g y 34:939-944). The patient's 
cognitive function can be assessed by the Alzheimer's Disease Assessment Scale-cogmt.ve 
subscaMADAS-cog; Rosen etal, 1984, Am. J. Psychiatry 141:1356-1364). 

As used herein, the term "autism" refers to a state of mental mtroverston 
characterized by morbid self-absorption, soc.al failure, language delay, and stereotyped 
behavior Patients can be dia^osed as suffenng from autism by using the DSM-IV cntena. 

As used herein, the term "depression" refers to a clinical syndrome that includes a 
persistent sad mood or loss of interest in activities, which lasts for a, leas, two weeks in .he 
absence of tiea,men,. The DSM-IV criteria can be used to diagnose patients as suffenng 
from depression. 

The term "benign forgetfulness," as used herein, refers to a mild tendency to be 
unable to retneve or recall information that was once registered, learned, and stored ,n 
memory (e.g., an inability to remember where one placed one's keys or parked one's car). 
Benign forgetfulness typically affects indtviduals after 40 years of age and can be 
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cognized by smndard assessment mstitrments such as the Wechsler Memory Scale 
(Russell, 1975, 3. Consult Clin. Psychol. 43:800-809). 

As used herein, the tern, "childhood teaming drsorde*" refers to an rmpaued aM.ty 
toleam.asexperienceobycenainchndten. Such learning d.sorde, can be diagnosed by 

using the DSM-IV criteria. 

The term "closed head injury," as used herein, refers to a dinical condruon after 
headinjury or trauma which condition can be character^ by costive and memory 
.mpairment. Such a condrtion can be dragnosed as -amnestte disorder due to a general 

medical condition" according to DSM-IV. 

The term "attention deficit disorder," as used herein, refers to a disorder that ,s most 
commonly exhibitedbych.ldren and which can be chamcterized by increased motor activrty 
and a decreased attention span. The DSM-IV cntena can be used to diagnose attention 
deficit disorder. 

The terms "D-serine" and "D-alanine" refer to the D rsomers of the ammo ac.ds 
senne and alanine, respectively. As D isomers, rnther than L isomers, these amino acids are 
not naturally found in proteins. 

■•Negative" symptoms of schizophrema include affect blunting, anergra, alogra and 
sociai withdrawal which can be measured using SANS (the Scales for the Assessment of 
NegativeSymp.oms;seeAndreasen,1983,Sc a /«/ 0f ^A S — 

(SANS), Iowa City, Iowa). 

■Positive" symptoms of schvzophrenia include delus.on and hafiucinarion, whrch can 
be measured using PANSS (the Positive and Negative Syrrdrome Scale; see Kay e, A. 
1987 Schizophrenia Bulletin 13:261-276). 

' "Cognitive" symptoms of schizophrenia include impairment in obtaining, 
organizing, and using intellectua, Knowledge which can be measured by the Positive and 
Negative Syndrome Scale-cogn.tive subscale (PANSS-cognitive subsca,e)(Lindenmayer er 
aL ,994, J. Nerv. Ment. Dis. 182:631-638) or with cognitive tasks such as the Wiseonsm 
Card Sorting Test. 

A "full" agonist of the NMDA receptor is a compound that produces a mammal 
response at full receptor occupancy. 
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A "partial" agonist of the NMDA receptor is a compound that produces a lower 
maximal response at full receptor occupancy than do full agonists. 

A "glycine uptake inhibitor of the NMDA receptor" is a compound that inhtbrts the 
re-uptake of glyctne and mcreases the availability of glycinefor the NMDA receptor (,g„ 
N-methylglycine). 

The tnvention offers several advantages over many art-known methods for treahng 
„europsyehia«ncdisorders.Fore X ample,un,ike m anyconventiona,antipsychot,c 
therapeutics, D-senne, D-a.anine, and N-methyl g lycine can produce a desirable reducfon m 
t hepos,t,ve,nega«ive,andcogniuvesymptomsofschizophrenia. Asshownbythe 
examples set forth betow, clinical* significant improvement can be achieved even wrth 
patients who are poorly responsive to treatment by convenUonal antipsychobcs. In addmon, 
„o significant side effects were detected after treatment of sch.zophrenta patients wrth V- 
senne D-a,an,ne, or N-methy.g.yctne. In contrast, conventional antipsychobcs typtcafiy 
,ead to tardtve dyskines.a (irrevers.ble, involuntary movement dtsorder), extrapyramtdal 
symptoms, and akathesia symptoms. 

Otherfeatures and advantages of the invention will be apparent from the followmg 

detailed description, and from the claims. 

T > r si1pH Descripti on 

The tnvention provides methods for treating a patient diagnosed as suffering from a 
neuropsychtatric dtsorder having a deficit in neurotransmtssion v,a the NMDAreceptor 
(e t schizophrenta, Alzheimer's Disease, autism, depression, benign forgetfulness, 
chtldhood leamtng dtsorders, dosed head injury, and attention deficit disorder). As 
described above, a vanety of methods for dtagnosing these dtsorders are known to those of 
skil. in the art of clinical psychtatry, and any conventional dtagnostic method can be used m 
conjunction with the invention. 

The treatment method of the invention entails admints.ering to a pattern 
diagnosed as having a neuropsychiatric dtsorder a pharmaceutical composition contatnmga 
therapsuttcallyeffective amount of (i) an agonist of the glycine site of the NMDAreceptor, 
which agoms. is relatively selective for (a) the glyctne site of the NMDA receptor, 



8 



13785-745005 

cnr.11 „ 

L„ tl „ana m ou„ t such,ha tt he P a t ie„, re ce,ves,ess,ha„0.02 mg /day. 

m e,hylglyc,aeisad m n i stered.othepatien.atadosageoflOmgtolOOg » 
Tie and/o, D -a,a„,„e a n d/or N- m e lhy .g,yc,„e ,s a^nis^ a, a dosage of « .g o 

aSnee ta„a, t e m a t We m e th „dfo rt rea ti „ganeu r ops y ch,a tri cd,s„rde r , n a P a t , e n«a 
tnf n < tn Ann me such as 150 to iuu mg &' 

symptoms. 
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In allof the methods of the invention, D-alanine, D-senne, and/or D-cyclosenne 
and/or N-methylglycine can be substituted w,th a modified version of the amino acid, such 
asasa,t,es,er,alkyla,ed form, or a precursor of the amino acid. For exampie, the ammo 
acid can be in the form of a sodium salt, potassium sal,, calcium salt, magnes.um salt, zmc 
sal, orammonium salt. Such salt forms of D-serine, D-alanine, N-methylglycine and D- 
cycloserine can be made in accordance with conventional methods (see, e.g.. Organ* 
Chemistry, pgs. 822-823, Momson and Boyd, ed.. Fifth Edition, Al.yn and Bacon, Inc., 
Newton MA). Other modified forms of D-serine, D-alanine, N-methylglycine and D- 
cyclosenne also can be used in the methods of the invention. For example, the carboxy 
group of the ammoacidcan be converted to an ester group by reacrion with an alcohol m 
accordance with standard estenficarion methods (Id. at 84.-843). For example, alcohols 
having 1-20 carbon atoms can be used to produce an ester of D-serine, D-alanme, N- 
m e,hylglycmeorD-cycloserineforusein.heinvention(, S .,me.hy.-,ethy.-,propyl-, 

.sopropyl-, butyl-, isobu.yl-, sec-butyl-, fcrt-buty.-, penty,-, isopenty.-, tert-pentyl-, hexyl-, 
heptyl- octyl-, decy.-, dodecy,-, tetradecy.-, hexadecy,-, octadecyl-, and phenyl-alcohols can 
be used) in another vanation, the ammo group of the amino acid can be alkylated, usmg 
conventional methods, to produce a secondary or ternary ammo group by ammonolys.s of 
halides or reductive amination (Id. a. 939-948). For example, an alkyl group having 1-20 
carbon atoms can be added to the am.no acid to produce an alkylated amino acd (e.g., 
methyl-, ethyl-, propyl-, isopropyk butyl-, isobutyl-, sec-butyl-, tert-butyl-, penty.-, 
isopenty.-, tert-pentyl-, hexyl-, heptyl-, octy,-, decy.-, dodecy.-, tetradecy.-, hexadecyl- 
octadecy.- and pheny.-groups can be added to the amino acid). D-phosphosenne and L- 
phosphosenne are examples of precursors of D-serine, and are commercially available (e.g., 
from Sigma Chemical, St. Louis, MO). N,N,N-trimethylglycine (betaine) and N,N- 
dimethylglycme are examplesof precursors of N-methylglycine. 

In all of the methods of the invention, appropriate dosages of D-alanine, D-senne, 
D .cyc.osenne, or N-me,hylglycme (or modffied versions thereof) can readtly be determmed 
by .hose of ordinary skill in the art of medicineby monitoring the patient for s.gns of 
d iseas,ame„ora,ionorinhibition,and,ncreas,ngordecreasin g ,he dosage and/or frequency 

of treatment as desired. 
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without limitation, acacia, m e t hvlce„u.ose, sodiun, carboxymethy.ceUu.ose 
polyvmylpy—eCPo^^ 

^"Lm^^ 

VariousUc.uidandpo.dercon.posiUonscanbep^byconv^ona. — for 

inhaiationintothetangsofthepatottobe^ed 

injectable compositions may contam vanous earners such as veg 

h „hvl lactate ethyl carbonate, isopropyl mynstate, 
cumethylacetamide, dimethylformam.de, ethyl lactate, ethy 

eompoundean he dissolved and administered m a pharmaceuuca, e.c.p.en. such a Wa 
thepharmaceuueal composition can he fonnu.ate, as a ehewtng gum, lolhpop, or the h, . 
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Thefollowmg examples demonstrate that D-alanine, D-serine, and N-me.hylg.yc.ne 
each can be used to treat a neuropsychtatric dtsorder in patients. 

This study employed 37 patients who were diagnosed as having schizophren.a. All 
patients fulfilled the DSM-IV diagnosis of schizophrenia (APA, 1994, D,agnos,ic and 
Statistical Manual of Mental Disorders, Four* Edition, Washington, DC). Al, of the 
patients a,so fulfified the cfitena of pnmarydefic,, syndrome, with a SANS score o mo^ 

than 40 <K,rkpa,rick« a /.,1989,Psychiatry Research 30:1.9-123; Andreasen, 1983, Scales 
for the Assessment of Negative Symptoms (SANS), Iowa City, Iowa). All of the patients 
were poorly response to treatment by other antipsychotic drugs, and had been kept on a 
stable dose of an antipsychotic drugfor a. .east3months prior to enrollment in tbisstudy. 

Several scales were used to assess the severity of the d,sorder ,n each pat.ent. At the 
begtnning of the study (,.,, the baseline), the PANSS, SANS, and Globa, Assessment 
Scales (CGI) were used. Each scale also was completed at the end of each 2-week penod 
th roughou, the study. These assessments were performed by a psych.atrts. who was bhnd to 
the treatment assignment. The Wisconsm Card Son Test was used to prov.de a cogmtive 
rating of the patients; in general, schizophrenic patients perform poorly on this test. The 
Wisconsm Card SortTest was administered only a. mediation of the study and at the end 
of the 6-week study. To measure s.de effects, the S.mpson-Angus Scale was used to 
measureextrapyramida, symptoms (EPS; S.mpson**/., 1970, Acta Psychiatnca 
Scandinavia Suppl. 212:11-19). The Abnormal Involuntary Movement Scale (AIMS) was 
used to measure dyskinesia (Simpson e, a,.. 1970, Acta Psychiatnca Scandmav.a Suppl. 
212- 1 1.19) The Barnes Scale was used to measure akathesia (Barnes, 1989, Bnt. J. 
Psychiatry 154:672-676). The side effects of D-senne, D-a.an,ne, and N-methy,glyc,ne 
treatments were assessed biweekly according to the UKU side effects rating scale 
(SOTfc - Society ofPsycWannacoiosy Coatee of Clinical Ration: The 
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Acta. Psychiatr. Scand. 1987; Suppl. 334:81-94). 

T rpRrp1 Pnt and Results 

Using double-blind conditions, the patients were randomly assigned to recetve 
pla cebo(fi™,juice),D-ser^ 

o^heresu.tssbowninTablel.treatrnentwithD.sertne.D-a.an.ne.orN.metbylglye.ne 
improved the schizophrenic symptoms and cognitive deficit of the patient More 

(on the SANS scale), and it resulted in a 17% reduction of the positive symptoms (on the 

negative symptoms and a 12% reduction of the positive symptoms. Treatment with N- 
Jthylglycineresultedmamreductionofthenegafive symptoms andal5%mduc«on 

of the positive symptoms. These reductions in the negative and positive symptoms 
represente4c.inica.ly significant improvement. Treatment with each 
a,anine, and N-methy,glycine also .reproved cognition, as measured using the PANSS- 
cognitive subscale and the Wisconsin Card Sort Test. These results indicate that D-senne 
D . a ,anine,a„dN-me,hyl g .ycine are effective ,„ treating schizophren.a even m patients who 
are poorly responsive to treatment by conventional antipsychotic drugs. 

Using the UKUscalefor rating side effeets.no side effects were noted after 
rreatmentwhh D-se„ne, D-a,a„ine, or N-me,hy, g lyc,ne. In addttion, there was nonewly 
emergent ,ard,ve dyslonesia or worsenmg of extrapyramtda, or akathesia symptoms. Thus 
D-senne, D-alan,ne, and N-me,hy,g,ycine offer an advantage over many conventional dregs 
for treating schizophrenia in that they do no, cause significant s,de effects. 
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TABLE 1: Effects of D-serine, D-alanine, and N-methylglycine Treatment on 





D-serine 


D-alanine 


N-methylglycine 


Placebo 


Clinical Symptoms 










Negative Symptoms 


-21%* 


-12%* 


-20%* 


-1% 


Positive Symptoms 


-17%* 


-11%* 


-15%* 


3% 


CGI 


4.8->2.6* 


3.9->2.8* 


4.2->2.7* 


4.5->4.0 


Cognition 











Cognitive symptoms 


-12%* 


-11%* 


-12%* 


1% 


WCST 


+0.9 (category)* 


+0.5* 


+0.7* 


-0.5 


Side Effects 










EPS 


1.4— >1.7 


3.1->3.1 


2.1->2.1 


3.3->3.4 


AIMS 


0.3-->0.3 


0.5->0.1 


0.4-->0.3 


0.5->0.9 


Barnes 


0.4->0.8 


0.4->0.6 


0.5->0.6 


0.9->0.9 



* Clinically significant improvement 

PthprFm^i™™ 1 ^ 
It is to be understood that, while the invention has been described in conjunction 
with the detailed description thereof, the foregoing description is intended to illustrate and 
not limit the scope of the invention, which is defined by the appended claims. Other 
aspects, advantages, and modifications are within the scope of the following claims. 
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